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4ABSTRACT
Both fibre hemp (Cannabis sativa L.) and linseed (Linum usitatissimum L.) produce bast fibres in their
stems. The bast fibre can be considered the main product of fibre hemp, whereas it is a by-product of
linseed cultivation. Today, bast fibres are finding use in various technical applications, as in geotextiles,
composites, compression moulded parts, paper and insulating material.
The goal of the research was to evaluate the stem and bast fibre productivity and bast fibre quality of
fibre hemp and linseed grown in Finland. The experiments investigated 14 hemp cultivars adapted to
different parts of continental Europe, 11 linseed cultivars and breeding lines, both domestic and
introduced, and one domestic flax cultivar.
Conventional harvest time for both plant species is in September or October, when the moisture content
of the biomass is high and air drying of the stems is economically feasible only for linseed. This means,
that  new management practices, such as spring harvest, need to be developed, at least for hemp
cultivation.  
Stem yield averaged 5961 and 1820 kg dry matter ha-1 for fibre hemp and for linseed, respectively.
Hemp stem yields were low in comparison with yields reported from other European countries. Higher
hemp yields probably could be realized through closer study of the effects of photoperiod and other
environmental factors and their interactions on stem yield.  
Total bast fibre content in the hemp stem averaged 21.9%, of which 89.0% was primary fibre and
11.0% secondary fibre. Total bast fibre content in linseed stem was lower, on average 16.9%. The
overall bast fibre yield was 1306 kg dry matter ha-1 for hemp, of which 1157 kg dry matter ha-1 was
primary fibre yield. For linseed, the bast fibre yield was 324 kg dry matter ha-1.  Increase in fibre yield
can primarily be achieved by increasing the stem yield.
Fibre quality was determined as fibre strength and fibre elasticity. Breaking tenacity of the autumn
harvested fibres (median values) varied from 41 to 74 cN/tex for hemp and from 41 to 67 cN/tex for
linseed. Spring harvested hemp fibres were weaker, with variation from 15 to 42 cN/tex. Elongation at
break of the fibres varied from 3.3 to 5.5 for autum harvested hemp and from 3.5 to 6.8% for linseed.
Spring harvested hemp fibres exhibited lower elasticity, from 2.0 to 3.8%. Although there was no
5marked differences in fibre quality between the two plant species, there were clear differences in fibre
homogeneity among the genotypes. In view of the poorer quality of spring harvested fibre material,
fibre quality and crop management in the springtime should be studied together, in the context of
potential applications. Standardized methods are needed to evaluate the quality of technical fibres.    
The prerequisites for bast fibre production for technical applications in Finland do exist. However, the
stem and fibre productivity of fibre hemp and linseed genotypes grown in Finland were evaluated here
for the first time and questions related to the production and utilization of these two species have not
all been answered. The cultivars recommended on the basis of the present findings are fibre hemp cvs.
Uso 11, Uso 31, Beniko and Bialobrzeskie and linseed breeding line Bor 18. 
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71. WHY FIBRE HEMP AND LINSEED?
At glance it might seem that fibre hemp (Cannabis sativa L.) and linseed (Linum usitatissimum L.), the
former commonly grown for fibre and the latter for seed, have little in common to warrant their
combined treatment in this thesis. There are, however, several unifying factors:
1. Both fibre hemp and linseed produce bast fibres in their stems, which currently are finding
     increasing use as technical fibres in non-textile materials.
2. Hemp and flax (flax and linseed are different types of the same plant species Linum
    usitatissimum) were among the first domesticated plant species (Hayward 1948, Clarke 1999).
3. Both hemp and linseed were re-introduced to Finland in the 1990's (I, III).
4. Hemp and linseed are minor crops in Finland: in 1998 only 1282 hectares were planted to
     fibre hemp and 2051 hectares to linseed (Virolainen, J., Ministry of Agriculture and Forestry,
    Helsinki, Finland, personal communication, 1999).
Our knowledge of the bast fibre productivity of different fibre hemp and linseed genotypes is scarce.
The interest of Finnish farmers in fibre hemp cultivation was awakened by the increased cultivation in
member states of the European Union, demand for products made of natural plant fibres and by recent
national media attention to fibre hemp in Finland (Helsingin Sanomat 1993). Finnish hemp landraces
and introduced cultivars were cultivated in Finland on a continuous basis between about 1700
(Grotenfelt 1915) and the 1950's, when cultivation ceased (Laitinen 1996). With Finnish cultivars no
longer available, assessment was therefore necessary of the productivity of  non-domestic fibre hemp
cultivars, adapted for cultivation at lower latitudes than Finland.
   
The second plant species included in this study, linseed, was introduced to Finland in the 1940's, but
cultivation ceased after just a few years (Valle and Mali 1945). Cultivation commenced again in the
beginning of the 1990's and the first and at present the only commercial Finnish linseed, cv. Helmi, was
introduced in 1993 (Vilkki 1993). At the moment, the Finnish breeding programme for linseed is
focused on improving the seed quality (Hyövelä and Vilkki 1999). 
Because only limited information was available about the productivity of non-domestic linseed cultivars
cultivated in Finland, comparison was made of domestic linseed genotypes and cultivars introduced
from Canada and the UK. To date, only seeds have been exploited in linseed cultivation in Finland, even
though stem biomass yields (kg ha-1) are equal or even higher to seed yields (III). The dual-use of both
8seed and bast fibre has recently been of interest, and properties of existing flax, linseed and dual-
purpose genotypes have been studied with the objective of breeding a dual-purpose cultivar (Kaul et al.
1994, Foster et al. 1997). More specifically, therefore, the suitability for dual-purpose use of linseed
genotypes was of  interest. 
The number of technical bast fibre products being produced in Finland is negligible, even though a
variety of applications of bast fibres have been reported (Soini 1997, Pasila et al. 1998, Rissanen and
Viljanen 1998, Laine et al. 1998, Pirkkamaa 1998, Aaltonen et al. 1998). One factor contributing to the
small number of products is the insufficient knowledge of bast fibre yields and the unknown fibre
quality of fibre hemp and linseed grown in Finland. This has made economic assessment of domestic
bast fibre production next to impossible. The research summarized here set out to answer questions
regarding bast fibre yield and quality of fibre hemp and linseed in two projects titled 'New non-food
crops in Finland' and 'Comprehensive use of linseed'. Both projects were carried out in the Plant
Production Research unit, at the Agricultural Research Centre of Finland (MTT) in Jokioinen in 1995-
1997.
 
1.1 Origin and taxonomy of Cannabis sativa L. and Linum usitatissimum L.
Fibre hemp
The exact origin of the genus Cannabis is unclear, because it was dispersed across Eurasia by human
activity very early in pre-historic times. Central Asia, nevertheless, offers the most plausible location for
the origin (Clarke 1999). The taxonomy of the genus Cannabis is equally unclear. As with many plant
species, also with hemp, classification is difficult and varies with the taxonomist (Scultes et al. 1974).
When Hayward wrote in 1948, hemp (Cannabis sativa L.) was classified in the family Moraceae and
divided  into three distinct types, each comprising many cultivars. The three types were:
1. Hemp grown for fibre (commonly cultivated in Europe, Central Asia and the Americas),
2. Hemp grown for seed, and
93. Hemp grown for its medicinal and narcotic products (commonly cultivated in India, Arabia
    and Northern Africa).
Hayward also noted that some taxonomists regarded the third type as an independent species, Cannabis
indica. In the 1970's, according to Schultes et al. (1974), almost all botanists  agreed that the genus
Cannabis should be classified in the family Cannabaceae rather than the family Moraceae. The
Cannabaceae family consists of only two genera, Cannabis and the genus of the hop plant, Humulus.
Schultes et al. (1974) compared several classifications of the genus Cannabis and proposed the
following reclassification:
1. Cannabis sativa L. (distinquishing characteristics: 150 to 550 cm tall, laxly branched, smooth
    achene without definite articulation, firmly attached to stalk), 
2. Cannabis indica Lam. (120 cm tall or less, very densely branched, achenes with a definite
        abscission layer, drop off at maturity), and
3. Cannabis ruderalis Janischevsky (30-60 cm tall, not branched or sparsely branched,  
        abscission layer forms a fleshy caruncle-like growth at the base of the achene).
Discussion about the classification of the genus Cannabis continues, but according to de Meijer (1999),
the taxonomic disagreement does not concern the cultivated fibre and seed hemp, for which the name
Cannabis sativa is generally approved. 
Linseed, oil flax
Flax was already grown during the Stone Age and has been cultivated for such a long time that the
ancestral species is not known. The first cultivated form was a biennial type Linum angustifolium Huds.
The annual flax familiar today, Linum usitatissimum L., has been grown in Mesopotamia for at least
4000 years (Hayward 1948). 
The genus Linum belongs to the family Linaceae, which consists of nearly 200 species. Major
distribution is in the temperate and warm temperate zones of the northern hemisphere, mostly in Europe
and Asia (Durrant 1976). Linum usitatissimum is the only member of the family Linaceae that is
important for fibre production (Berger 1969) and, according to Durrant (1976), it can be classified into
three cultivated types:
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1. Fibre flax (cultivated in temperate regions throughout the northern hemisphere, especially in
    the region of the former Soviet Union),
2. Linseed, i.e. oil flax or seed flax (cultivated in warm regions, especially Argentina, Uruguay,
    India, United States, Canada and the former Soviet Union), and  
3. Dual-purpose flax (cultivated in the same places as fibre flax and linseed, but both seeds and
    stems are utilized).
In agreement with this, Turner (1987) has suggested that the cultivars of Linum usitatissimum should
be classified on the basis of their utility for fibre, seed or fibre and seed together. 
1.2 Plant morphology
1.2.1 General morphological features
Fibre hemp
Hemp (Cannabis sativa L.) is an annual plant, which produces a primary root with many horizontally
radiating lateral roots. The primary root extends vertically to variable depth and the lateral roots
horizontally to variable length depending on soil characteristics. Hemp has a rigid, woody stem
(Hayward 1948), which varies from 150 to 550 cm in height (Schultes et al. 1974). The fibre of
commercial interest is derived from the stem. The leaves are palmate with 7 to 9 leaflets (Figure 1), and
the lower leaves are arranged in opposite pairs, while the upper ones alternate. The stem is leafy and
leaves from the lower part of the stem drop off as the plant matures (Hayward 1948).
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FIGURE 1. Cannabis sativa L. A Top of the male plant with inflorescences; B Inflorescence of the female plant; C Root.
1 Staminate flower of male plant; 2 Pistillate flower of female plant; 3-4 Fruit with bract; 5-6 Fruit without bract; 7
Cross-section of the fruit (Schlechtendal et al. 1882).
Hemp exhibits a short-day response, which means that the transition to flowering is accelerated with
decreasing day-length (Heslop-Harrison and Heslop-Harrison 1969). Wild Cannabis is dioecious, i.e.
about half of the plants in hemp stands are male with staminate flowers and about half are female with
pistillate flowers (Hayward 1948). In the pre-flowering stage, the two sexes are morphologically
indistinquishable, and the floral primordia pass through an undifferentiated state from which the plant
is capable of developing either staminate or pistillate flowers (Heslop-Harrison and Heslop-Harrison
1969). Hemp is a wind-pollinated species (Hayward 1948) with a fruit having a glossy green-grey
achene  4-5 mm in length (Gassner 1951). Hemp seeds contain about 30% oil and up to 24% protein
12
 (Wirtschafter 1994). The general structure of the hemp plant is shown in Figure 1 and a fibre hemp
stand grown in Jokioinen in 1997 is pictured in Figure 2. 
FIGURE 2. Fibre hemp stand grown in Jokioinen, photographed on 18 August 1997 (photo: H. Sankari).
Monoecious fibre hemp cultivars, i.e. cultivars where staminate and pistillate flowers appear in the
same plant, form the majority in the present fibre hemp cultivar list of the EU (Commission
Regulation 1989). Monoecism is artificial in hemp and can only exist with the help of a breeder.
Without selection the dioecious state will return in two to three generations (Bócsa 1994). European
hemp breeders have developed highly productive fibre cultivars   with low THC content (i.e. delta-9-
tetrahydrocannabinol, the compound responsible for the main psychoactive effects of most Cannabis
drug preparations) (Pate 1999).  In France, Germany, Poland, Romania and Ukraine, breeding has
focused on evenly maturing, low-THC monoecious cultivars, while in Hungary, Italy, Spain and
former Yugoslavia, the aim of the breeding has been low-THC dioecious cultivars (Clarke 1999). 
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Linseed
Linseed (Linum usitatissimum L.) is an annual plant (Durrant 1976), which has a short, slender tap
root with lateral branches. The stem is slender and erect and the branches usually form near the top
(Hayward 1948). Compared with the flax grown for fibre, linseed has shorter and thicker stems with
more branches and seed capsules. Linseed grows to about 60-80 cm in height (Turner 1987). The
bast fibres are derived from the stem. Dense stands are desirable for fibre production as they tend to
yield long, slender and unbranched stems (Hayward 1948). The leaves of linseed are linear to
lanceolate, sessile and without stipules. The leaf arrangement is variable: basal leaves are commonly
arranged in alternate pairs, while those in the upper part of the stem are spirally arranged (Hayward
1948). 
FIGURE 3. Linum usitatissimum L. A Top of the plant; 1 Sepal; 2 Petal; 3 Stamen; 4 Perianth; 5 Cross-section of the
fruit capsule; 6 Fruit capsule; 7 Seed  (Schlechtendal et al. 1885).
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Flowers of most linseed cultivars are blue, whereas those of most flax cultivars are white. The
flowers have five sepals, five petals, five stamens and a compound pistil of five carpels. Linseed is
self-pollinating, although cross-pollination is possible (Turner 1987). The fruit is a spherical or egg-
shaped capsule including at maximum ten seeds, each of which is 5-6 mm in length (Hayward 1948).
Seed colour varies from yellow to dark brown (Turner 1987). The seed contains both oil and
protein; for example, the Finnish linseed cv. Helmi produces seeds with an average oil content of
41.2% and average protein content of 22.7% (Salo and Sankari 1998). The general structure of
Linum usitatissimum L. is shown in Figure 3 and a linseed stand grown in Jokioinen in 1996 is
pictured in Figure 4.  
FIGURE 4. Linseed stand grown in Jokioinen, photographed on 6 August 1996. Flowering of the Finnish linseed
cultivar and breeding lines is completed, but the Canadian and British cultivars are still flowering (photo: H. Sankari).
1.2.2 Structure of the stem and bast fibres
Stem structure
Bast fibres are produced in the stems of dicotyledonous plants (Preston 1963, Bailey et al. 1963).
The stems are built up of pith, xylem, cambium, phloem, cortex and the epidermis (Ilvessalo-Pfäffli
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1995), and it is the phloem that contains the bast fibres, together with sieve tubes, parenchyma cells
and sclereids (Figure 5). Bast fibre bundles form a ring around the outer part of the stem (Hayward
1948, Fahn 1974), with the fibres joined together by a middle lamella, mainly composed of pectin
(Ilvessalo-Pfäffli 1995).
FIGURE 5. Transection of a sector of mature flax stem: ca, cambium; chl, chlorenchyma; con, connective tissue; en,
endodermis; ep, epidermis; hd, hypodermis; pcl, pericyclic fibres; ph 1, primary phloem; ph 2, secondary phloem; pi,
pith; xy 1, primary xylem; xy 2, secondary xylem (Hayward 1948) 
Ranalli (1999) distinquishes the hemp stem structurally into two parts: the stem tissues outside the
vascular cambium (bark), which comprise primary and secondary bast fibres, and the stem tissues
inside the vascular cambium (woody core), which comprise libriform fibres, i.e. woody core fibres. 
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The latter resemble hardwood and predominates in hemp stem. In appearance the hemp stem is
strongly grooved or ridged, and hollow (Hayward 1948).  
Although the structure of linseed has not been widely studied, considerable information is available
about the flax stem, and since flax and linseed are different cultivation types of the same plant
species, the general structure of the linseed stem must be very similar to that of flax. The flax stem is
round or subterete, and at maturity it becomes hollow due to progressive disintegration of the
centrally located parenchymatous cells (Hayward 1948).
Bast fibres of hemp and linseed
Although there are considerable differences in the physical features of the various plant fibres (hemp,
flax, jute, ramie, sisal, cotton), there are also notable similarities: all are single-cell fibres, without
cross-walls and with tapering closed tips (Bailey et al. 1963). In fact, the term fibre in plant science
refers to a single cell with clearly defined microscopically visible features. The cell wall is thick and
the cell is long in relation to its width (Preston 1963). Figure 6 shows the wall structure of a single
fibre, the pattern upon which all elongated plant cells are built.
Commercial fibres of flax or hemp consist of single fibre cells which are joined together and form
fibre bundles (Fahn 1974, Dambroth and Seehuber 1988).  Hemp fibre bundles are close to each
other and form a multilayered section whereas linseed bundles have small spaces between them and
form just one layer (Figures 7 and 8). 
Linseed bast fibres have not been studied in detail, but according to van Dam et al. (1994) the fibre
obtained from linseed is similar to that of flax, but because of  the shorter stem growth, the fibre
bundles are shorter, and because the stems are harvested at seed maturity, the extracted fibres are
coarser and more lignified. Earlier,  Fröier (1960) reported a difference in the bast fibres of flax and
linseed: single fibre cells in flax are well filled and have a small lumen, whereas linseed fibre cells are
very large and empty forming loose fibre bundles. This difference was confirmed in the present study
in a preliminary way, as diameter measurements of linseed fibre cells showed their diameter clearly to
exceed that reported for flax (Table 1).
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FIGURE 6. Wall structure of a fibre seen in transverse (bottom) and three-dimensional view (top). Secondary wall (1-
3, three different layers with differently orientated cellulose microfibrils), dead lumen (4), primary wall (5) and middle
lamella (6) (Bowes 1996).
The cultivar, the section of the stem from where the fibre has been extracted and the growing
conditions all are reported to affect the length measured for a single bast fibre cell of flax (Hayward
1948), Dambroth and Seehuber 1988). Hemp bast fibre consists of primary and secondary fibres, and
the secondary fibres are smaller, shorter, thinner-walled and more brittle than the primary fibres
(Hayward 1948). For both hemp and flax, there is some variation in the plant characteristics shown
in Table 1, depending on the reference.
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FIGURE 7. Cross-section of a fibre hemp stem of cv. Beniko excised at the mid-point (magnification 173x) (photo:
H. Sankari).
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FIGURE 8. Cross-section of a linseed stem of cv. Helmi excised at the mid-point (magnification 173x) (photo:
H. Sankari).
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TABLE 1. Number of  bast fibre bundles in a stem and number of individual fibre cells in a fibre
 bundle of flax, length and diameter of a single fibre cell of flax and fibre hemp and diameter of a
 singe fibre cell  of hemp, flax and linseed.
     _________________________________________________________________________________
Number of bast fibre  Number of individual Length of a        Diameter of a
Plant             bundles in a stem       fibres in a fibre bundle single fibre         single fibre
species (mm)     (µm)
     _________________________________________________________________________________
Flax 20-501 10-301    20-401,6          12-253
302 10-402         272    232
15-408 12-408    25-355                17-2412  
     3-507
        8-308
Hemp    0-1003 (pf)                 223, 11 (pf)
        209, 11  (pf)        23-264 (pf)
     5-4010 (pf)          18-2412 (pf)
          29, 10 (sf)              1512 (sf)
Linseed                            26-3812
    _________________________________________________________________________________
References: 1Dambroth and Seehuber (1988), 2Berger (1969), 3Hayward (1948), 4Menge-Hartmann
and Höppner (1995), 5Herzog (1989), 6Fölster and Michaeli (1993), 7Easson and Molloy (1996), 
8van Dam et al. (1994), 9Hoffmann (1961), 10Ranalli (1999), 11Kilpinen (1998), 12Sankari (unpublished
data).  pf = primary fibre, sf = secondary fibre.
Because the hemp plant is much taller than flax or linseed and because the maximum theoretical length
of the bast fibre bundle may extend to the entire plant height, hemp produces clearly longer fibres than
do flax or linseed. The middle lamella of hemp is much harder than that of flax, so that hemp fibres are
less likely to break and stretch (Fröier 1960). The primary bast fibre cells of  hemp do not differ much
in length or in diameter from those of flax (Table 1). 
 
1.3 Fibre hemp and linseed production within the European Union
1.3.1 Cultivation area
Within the European Union, fibre hemp is most commonly cultivated in France and Spain, while linseed
is predominantly grown in Germany, the UK and Spain. The areas planted to hemp and linseed in the
member states of the European Union in 1996-1998 are shown in Table 2. A marked increase in
cultivation has taken place for both species during the past few years, but especially for fibre hemp in
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Spain and for linseed in Spain and the UK. In most of the member states the areas planted to hemp and
linseed are still small, which means that any state could become the leading producer if manufacturing
of bast fibre products were to substantially increase.
TABLE 2. Cultivation areas  for  hemp and linseed  in the member  states of the European  Union  in the
 years 1996-1998 (Communautes Europeennes Commission 1998, Virolainen, J., Ministry of Agriculture
 and Forestry, Helsinki, Finland, personal communication, 1999).
___________________________________________________________________________________
Fibre hemp Linseed
___________________________ ___________________________
Member state  1996           1997   1998 1996 1997 1998
___________________________________________________________________________________
Austria    661     938   1164*  2020 3071    x
Belgium      -    -      -          48                47    x
Denmark      -    -      -  2887   4154      x
Finland        2       53   1282  2084   2207  2051
France  7588        10980               10000* 3749   4930       x
Germany  1362          2766     3549*           82528          96175    x
Ireland      -   23           28*       781                x       x
Italy      -    -            1000*    95          64       x
Luxemburg        5         13                 x         -     -    -
The Netherlands     893           1322   1055*           10       3    x
Portugal       -    -              770*  1444     4351    x
Spain     1450           4282          20631*           20492           20670            34667
Sweden       -     -       -    6862           10410    x
United Kingdom   1697   2293   2556*           48256           78086    x
___________________________________________________________________________________
- no cultivation
*  forecast
x  missing information
 
The fibre hemp area in Finland increased rapidly from 2 hectares in 1996 to 1282 hectares in 1998,
encouraged by an EU subsidy that promised new and safe income. Many farmers were also simply
curious to test what kind of plant fibre hemp was and to see how it grew, even though, in addition to
cultivation management practices, the end-use of the product was more or less unknown. Seed delivery
was difficult at first because the sudden interest in fibre hemp throughout Europe put pressure on the
seed supply. Furthermore, Finnish seed suppliers were initially unaware of the legality of importing and
selling fibre hemp seeds. By 1998, hemp was being grown in the Employment and Economic
Development Centres of Varsinais-Suomi, Satakunta, Häme, Pirkanmaa, Kaakkois-Suomi, Etelä-Savo,
Pohjois-Savo, Pohjois-Karjala, Keski-Suomi, Etelä-Pohjanmaa, Pohjanmaa, Pohjois-Pohjanmaa, Kainuu
and Ahvenanmaa (Virolainen, J., Ministry of Agriculture and Forestry, personal communication, 1999)
. 
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Between 1996 and 1998, the area of linseed cultivation remained stable (Table 2) and was concentrated
in the Employment and Economic Development Centres of Uusimaa, Varsinais-Suomi, Satakunta,
Häme and Pirkanmaa (Virolainen, J., Ministry of Agriculture and Forestry, personal communication,
1999). Most of the crop was grown under contract to the Elixi Oil company, situated in Southwest
Finland, which processes the seeds into foodstuffs, health products, technical oil and feedstock meal
(Värri 1998).  
1.3.2 Bast fibre products 
The stem of bast fibre producing plants fibre hemp and linseed consists of  two components: the soft
bast fibres located in stem tissues outside the vascular cambium and the stem tissues inside the vascular
cambium containing libriform hard woody core fibres. Mechanical breaking of the stems, which is
known as decortication, results in the separation of bast fibres from the less valuable woody core (i.e.
shives). Effective utilization of the entire stems requires that applications should be developed also for
the woody core. At the moment, probably the most successful product made of hemp core is animal
bedding material (Carpenter 1997, Hendriks 1997, Le Texier, 1997). Karus (1995) has reported many
other possible uses for the hemp plant  (bast fibres, core, leaves and seeds), of which the applications
for the bast fibres are listed in Figure 9.  
On the basis of interviews with representatives of industry and research institutes, Smeder and Liljedahl
(1996) identified the most interesting non-textile applications of flax fibre (technical fibre). These were:
insulation material, concrete cement finish and rendering concrete, particle and fibre board,
reinforcement of plastics and rubber, paper products, fluff pulp, wet laid non-wovens, industrial wipes
and geotextiles for weed control. 
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       HEMP BAST
          FIBRES
TEXTILES
- apparel
- diapers
- fabrics
- handbags
- working
  clothes
- denim
- socks
- shoes
- fine textiles
  (cottonized
  fibres)
TECHNICAL
TEXTILES
- twine
- rope
- nets
- canvas bags
- tarps
- carpets
- geotextiles
    OTHER
INDUSTRIAL
 PRODUCTS
- agro-fiber
  composites
- compression
  molded parts
- brake/clutch
  linings
- caulking
PAPER
- printing papers
- fine and 
  specialty papers
- technical filter
  paper
- newsprint
- cardboard and
  packaging
 BUILDING
MATERIALS
- fibre board
- insulation
  material
- fibre glass
  substitute
- cement blocks
- stucco and
  mortar
FIGURE 9. Potential uses for hemp bast fibres (Karus 1995). 
The length of the stem from the soil surface to the lowest branches is an important factor for flax
cultivated for fibre production for the textile industry, as only the unbranched part of the stem has
commercial value (Hayward 1948). On this basis it has been concluded that the stem of linseed is too
short for textile fibre to be obtained from it (van Dam et al. 1994). The similarity in fibre structure
suggests nevertheless that linseed bast fibre probably is suitable for use in most of the non-textile
applications suggested for hemp and flax. 
In Finland, farmers have recently become interested in the cultivation of both hemp and linseed for bast
fibre, but unfortunately the supply was there before the demand and product development and
processing lag behind. Bolton (1995) reported a few years ago that fibre grown on agricultural land will
have an important role in satisfying future demand for paper and structural sheet materials, but the
timescale over which this will happen is unclear. The large-scale use of bast fibres as raw material for
paper has not been of interest in Finland and perhaps is no longer even relevant since the use of woody
fibres is nowadays highly versatile (Kilpinen 1998). However, as can be seen in Figure 9, the use of bast
fibres in paper products is only one possibility among very many others.
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Several industries utilizing bast fibres are operating in member states of the European Union. Hemcore
Ltd. (UK) extracts hemp long fibre for use in cigarette papers and airmail stationery, in woven mats for
industry, geotextiles and lightweight bio-degradable dashboards for vehicles and in textiles in blends
with cotton (Long 1995, Carpenter 1997). HempFlax B.V. (the Netherlands) produces felt-like material
made of hemp bast fibre for house building and has plans to produce hemp bast fibre based parts for
vehicles (Hendriks 1997). The German car industry is using increasing amounts of non-woven materials
made from plant fibres, but the raw material is primarily derived from flax, jute and sisal (Karus and
Leson 1997). It is common practice in Canada, that linseed stems, as the by-product of seed
production, are harvested and utilized for speciality papers, for needle-punched products and as
reinforcing material in plastics, recycled paper products and other composite products (Domier 1996).
2. OBJECTIVES OF THE STUDY
The goal of the research now described was to evaluate the stem and bast fibre productivity and bast
fibre quality of fibre hemp (Cannabis sativa L.) and linseed (Linum usitatissimum L.). The plant species
were studied in the context of  two different projects in the years 1995-1997. Fibre hemp was studied
within a project titled 'New non-food crops in Finland', which aimed at screening potential new crops
to be cultivated in set-aside land. This project was financed by the Agricultural Research Centre of
Finland (MTT). The goals of the second project, titled 'Comprehensive use of linseed', were to improve
fatty acid composition of seeds (task of the Boreal Plant Breeding), to improve the management
techniques for dual-purpose use of linseed (task of MTT) and to evaluate the suitability of linseed fibres
for several applications and accumulate experience and know-how related to flax and linseed (task of
Agropolis Ltd.). The project was financed by the Ministry of Agriculture and Forestry and the institutes
involved in the consortium.
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The specific objectives of this study were:
1. To  determine,  in  Finnish  long-day  growing  conditions,  the  stem  yield  and  bast  fibre
     productivity  of fibre  hemp genotypes  adapted  for cultivation in short-day conditions  (I, II).
2. To assess the potential of present cultivars and breeding lines of linseed  for  use  as  a dual-
     purpose crop, i.e. for seeds and the stem/bast fibre material combined (III, IV).
3. To evaluate the bast fbre quality of fibre hemp and linseed (II, IV).
4. To generate agronomic and processing information on the characteristics of fibre hemp and
     linseed to facilitate the work and decision-making of plant breeders, seed deliverers, farmers
     and industry (I-IV).   
3. MATERIALS AND METHODS
Field experiments for fibre hemp (Cannabis sativa L.) and linseed (Linum usitatissimum L.) were
carried out in the years 1995-1997 at the Agricultural Research Centre (MTT), in Plant Production
Research unit, in Jokioinen, Finland (latitude 60o49'N).
3.1 Genotype selection
The fibre hemp cultivars selected for the study were cultivars adapted to different parts of continental
Europe. Altogether the fibre hemp experiment comprised 14 cultivars bred in Poland, France, Hungary,
the former Yugoslavia, Romania and Ukraine (de Meijer 1999). Both mono- and dioecious cultivars
were included (Table 3). 
Linseed experiments were carried out with a total of 11 linseed cultivars and breeding lines and with
one Finnish flax cultivar. Both domestic linseed genotypes (Boreal Plant Breeding, Jokioinen, Finland)
and genotypes introduced from Canada and the UK were included. The introduced cultivars were 
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chosen assuming that their seed maturity  could be reached in Finnish growing conditions. Seed material
for the experiments was obtained from a variety of  sources, as listed in Table 3.
           TABLE 3. Sources of seeds for the fibre hemp and linseed experiments in 1995-1997.
___________________________________________________________________________________
Plant species Cultivar or breeding line Source
___________________________________________________________________________________
Fibre hemp Beniko, Bialobrzeskie Dr. Rysard Kozlowski, Institute of Natural 
Fibres, Poland
Kompolti, Kompolti Prof. Dr. Iván Bócsa, GATE Agricultural 
Hybrid TC, Uniko B, Research Institute, Hungary
Vx Tiborszállási,
Vx Kompolti
Felina 34, Kompolti via Antti Pasila, University of Helsinki, 
Hybrid TC Finland, from The Fédération Nationale des 
Producteurs de Chanvre (FNPC), France, and 
from GATE, Hungary
Fedora 19, Futura 77, David Pate, International Hemp Association      
Novosadski (IHA), the Netherlands
Secuieni 1 Stefan Jung, Rohemp AG, Germany
Uso 11, Uso 31 Director Pavel Goloborodgo, Institute of Bast 
Fibre Crops, Ukraine, and
Dr. D. Spaar, BOA GmbH, Germany  
Linseed Helmi, Bor 02,  Breeder Juha Vilkki, Boreal Plant Breeding, 
Bor 13, Bor 15, Bor 18, Finland
Bor 20, Martta (flax)
Gold Merchant, Flanders, Mr. John Turner, UK
Laser, Linus
Helmi, Norlin Elixi Oil Ltd., Finland
______________________________________________________________________
3.2 Plant characteristics studied
With a few exceptions, the same plant characteristics were studied for fibre hemp and linseed. A
summary of the measured parameters is presented below. Details of the materials and methods can be
found in the respective papers (I-IV).
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FIBRE HEMP LINSEED
                              
Paper I Paper III
• plant density • plant density
• plant mortality rate • plant stand height
• stem elongation during • stem yield
       the growing time • ratio of stem yield
• stem yield           to seed yield
Paper II Paper IV
• stem yield • stem yield
• stem length • stem length
• stem diameter • stem diameter
• bast fibre content in stem • bast fibre content in stem
• bast fibre yield • bast fibre yield
• proportion of primary fibre • breaking tenacity of 
      in bast fibre            the fibres
• primary fibre yield • elongation at break
• breaking tenacity of             of the fibres
       the fibres
• elongation at break of 
         the fibres
3.2.1 Supporting data
Besides the experiments analysed and discussed in papers I-IV, some additional supporting
experimentation is reported here for the first time. The morphological, physiological and processing
traits that were examined are summarized below:
FIBRE HEMP       LINSEED
                      
  
• biomass moisture content • number of days required from
      at harvest    sowing to seed maturity
• number of days required • light microscopy of the stem 
  from sowing to the onset of flowering    cross-section    
• breaking tenacity and
      elongation at break of the fibres
      harvested in the spring following
      the growing season 
• light microscopy of the stem
        cross-section
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Biomass moisture content
Moisture content (%) of fibre hemp biomass at harvest was determined by taking two 200-g plant
samples from each experimental plot. The samples were oven-dried at 105oC for 17 hours and weighed.
The weight difference between the moist and dry sample was calculated and the average value for the
two samples was considered to be the moisture content as per cent of the biomass.
Onset of the flowering of fibre hemp and growing time of linseed
The number of days required from sowing to the onset of flowering of fibre hemp was calculated with
the day of onset counted as the day when one plant with open staminate flowers was found per square
metre. The growing time of linseed was calculated as the period from sowing until seed maturity, the
day when upper part of plants with their seed capsules had turned brown and seeds rattled in their
capsules. 
Breaking tenacity and elongation at break of the fibres
Bast fibre quality of hemp fibres harvested in the spring following the growing season was evaluated as
described in article II for bast fibres harvested in the autumn, by determining the breaking tenacity
(cN/tex) and elongation at break (%) of the fibres. Breaking tenacity is determined as breaking force
divided by the linear density of the fibres, and elongation at break as elongation of a test specimen
produced by the breaking force.
Fixation and staining of stems for cross-section microscopy 
At harvest, mid-point parts of the stems of fibre hemp and linseed were cut and stored for later
microscopic examination in a FAA fixative (90 ml ethanol in a 50% solution, 5 ml acetic acid, 5 ml
formalin in a 40% solution). Cuttings of the cross-sections of the stems were stained with Safranin O
(w.s.) in a 1% solution. A Ricoh XR-X3000 camera was used in conjunction  with the light microscope
Leica DM LS to take photographs of stem cross-sections (see section 1.2.2).
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3.3 Statistical methods 
Assessment of the normality assumption of errors using stem and leaf display and a normal probability
plot preceded the analyses of data in paper I (fibre hemp). The variables stand density, plant mortality
rate, plant height at final measurement and stem yield for 1995-1996 were analysed separately with the
MIXED procedure of SAS Statistical Software (SAS Institute Inc. 1992, Littell et al. 1996) by analysis
of variance with randomized complete block design. Tukey's honest significant difference (HSD) test
was used in the comparison of variable means. Exceptionally, in the analysis of the stem elongation
during the growing season, the time point of the measurement was analysed as a repeated-measures
factor in the same randomized complete block design as mentioned above.
Before the data analyses for papers II-IV, accordances of the data with the assumptions of equality of
group variances were checked by Box-Cox diagnostic plots (Neter et al. 1996), and the normality
assumption of errors was assessed by stem and leaf display and by normal probability plot. The MIXED
procedure of SAS Statistical Software (SAS Institute Inc. 1992) was used to analyse together the
variables stem yield, stem length, stem diameter, bast fibre content in stem, bast fibre yield, proportion
of primary fibre in the bast fibre and primary fibre yield for 1995-1997 in paper II (fibre hemp); the
variables stem yield, ratio of stem yield to seed yield, plant stand height and plant stand density for
1995-1997 in paper III (linseed); and the variables stem yield, bast fibre content in stem, stem length
and diameter and bast fibre yield for 1996 and 1997 in paper IV (linseed). Variables were analysed
using mixed models, and the cultivar (or genotype) was analysed as a fixed effect, whereas year and
replicate nested in years were analysed as random effects. To compare the other fibre hemp cultivars
with cv. Uso 11, and the other linseed genotypes with cv. Helmi, the ESTIMATE statement of the
MIXED procedure was used to produce t-type contrasts and t-type 95% confidence intervals. Details
of the statistical methods are reported in the respective papers (I-IV).
The additional data presented for fibre hemp, i.e. days required from sowing to the onset of flowering
and the breaking tenacity and elongation at break of the fibres determined from stems harvested in the
spring following the growing season, were analysed according to the methods described in paper II.
The data for growing time of linseed, i.e. the number of days from sowing to seed maturity were
analysed as described in paper III. 
Differences discussed hereafter are always statistically significant when the term significant is used.
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4. RESULTS AND DISCUSSION
4.1 Productivity of fibre hemp and linseed
Stem and fibre yields of fibre hemp were evaluated in experiments carried out in 1995-1997 by
measuring stand density (plants m-2), plant mortality rate (plants m-2), stem elongation during the
growing time, stand height (cm), stem length (cm) and diameter (mm), stem yield (kg dry matter ha-1),
bast fibre content (%) in stem, bast fibre yield (kg dry matter ha-1), proportion of primary fibre in the
bast fibre (%) and primary fibre yield (kg dry matter ha-1). In the same years, parameters of stem yield,
ratio of stem yield to seed yield, stand density, stand height, stem length and diameter, bast fibre
content in stem and bast fibre yield were determined for linseed.  
Stem yield and fibre content in stem determine the bast fibre yield. Fibre hemp exhibited average stem
yield of 5961 kg dry matter ha-1, which was 3.7 times that of linseed. The overall bast fibre content was
21.9% for hemp and 16.9% for linseed. Fibre hemp produced total bast fibre yield of 1306 kg dry
matter ha-1, which was 4.3 times as much as linseed. Fibre strength, measured as breaking tenacity of
the fibres (cN/tex), varied within about 40-70 cN/tex for both plant species. However, examination of
the variation of fibre strength of single cultivars revealed that hemp fibres are more uniform than linseed
fibres (II, IV). Fibre elasticity was measured as elongation at break of the fibres (%). Again, the
variation of elasticity tended to be greater for linseed fibres than hemp fibres (II, IV). 
4.1.1 Stem yield
Fibre hemp
The overall hemp stem yield (1995-1997) obtained in Jokioinen was 5961 kg dry matter ha-1  (S.E.M.
349) (II). Stem yield was clearly lower than that reported in some other parts of Europe, and even in
Finland, a yield of over 10 000 kg dry matter ha-1 was found in a subsequent preliminary study carried
out in Ruukki (64o40'N) (Isolahti and Sankari 1999).  In Germany, the highest hemp yields have varied
from 13 800 (monoecious cv. Felina 34) to 16 960 kg dry matter ha-1 (dioecious cv. Kompolti Hybrid
TC) (Höppner and Menge-Hartmann 1994). In the Netherlands, Meijer et al. (1995) reported stem
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yields ranging from 8400 to 13 700 kg dry matter ha-1, and in the UK, Cromack (1998) found fibre
hemp cultivars to give stem yields between 6300 and 12 900 kg dry matter ha-1. 
Altogether 14 fibre hemp cultivars, both mono- and dioecious, were studied. On the grounds of its
good characteristics (I), early maturing monoecious cv. Uso 11 was chosen as the cultivar with which
the other fibre hemp cultivars were compared  (II). The comparison revealed that only dioecious cvs.
Kompolti Hybrid TC and Novosadski produced significantly higher stem yield.
The rather low stem yields of the present study can be attributed largely to environmental conditions.
Fibre hemp grows best on well-drained, fertile soil. Silty loam, clay loam and silty clay particularly are
favourable (Ranalli 1999). The soil type in Jokioinen was not optimum: fibre hemp was grown on heavy
clay in 1995, sandy loam in 1996 and sandy clay in 1997. In addition to soil characteristics, the low
yields can be attributed to unfavourable growth conditions: heavy rains for a long period increased
nitrogen leaching from the soil and enhanced the incidence of disease in dense plant stands, which then
led to reduced stem height (I). 
Hennink (1994) reports low heritability for hemp plant height. According to Klug and Cummings
(1986), the heritability index (H2) can be determined by dividing the genetic variance (VG)  by
phenotypic variance (VP). A very high H2 value indicates that the environmental conditions have little
impact on phenotypic variance in the population, whereas a very low H2 indicates that the variation in
the environment has been almost solely responsible for the observed phenotypic variation. De Meijer
and Keizer (1994) confirmed that hemp stem elongation is affected by such environmental factors as
temperature, radiation and supply of water and nutrients. 
Besides stem yield, hemp stem length was also clearly greater in studies reported from Central Europe
than in experiments in Jokioinen. However, the relationship between stem length and stem yield
remained unclear: in 1995, when the dioecious cultivars produced clearly higher plant stands than the
monoecious ones, the dioecious cvs. Kompolti Hybrid TC and Uniko B exhibited significantly higher
stem yield than the monoecious cultivars, but dioecious cv. VxKompolti, which produced the highest
stem length, did not differ in stem yield from the monoecious cultivars (I). In 1996, as many as six of
the eight monoecious cultivars did not differ significantly in stem yield from dioecious ones (I). When
the stem yield data were analysed together for the years 1995-1997, only two of the six dioecious
cultivars, cvs. Kompolti Hybrid TC and Novosadski, produced significantly higher stem yield than the
monoecious cv. Uso 11. Their stem length, however, did not differ significantly from that of cv. Uso
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11. Furthermore, those cultivars with significantly shorter stem length than cv. Uso 11 did not differ
significantly in stem yield (II). In our experiments stem elongation was dramatic in July but ceased
gradually by the onset of flowering (I). Similar elongation curves have been reported for hemp from
lower latitudes, in Germany and  the Netherlands (Höppner and Menge-Hartmann 1994, de Meijer and
Keizer 1994).   
Besides stem length, also plant density and stem diameter determine the stem yield (Hoffmann 1970).
The examination of yearly averages for plant density and stem yield revealed that the average hemp
stem yield varied within only 500 kg ha-1, even though the plant density per square metre ranged from
57 to 151. Furthermore, the lowest yield was not obtained in 1995 when  plant densities were lowest
(I, II), but in that year values of both stem length and stem diameter were higher than in the other
experimental years. On this basis it is clear that plant characteristics such as stem diameter (which is
affected by plant density and plant height) and stem length can compensate each other in producing the
stem yield. These findings are in agreement with Hennink (1994), who reported the total dry matter
yield of fibre hemp to be only partly (36%) affected by stem length, and supplemented by factors such
as stem diameter and stem filling, which also contribute to stem yield.    
It seems, that the monoecious cultivars were competitive in stem yield with the dioecious ones, even
though the stem elongation of the monoecious cultivars ceased early in the growing season (end of July
or in August). Until that time, stem growth and stem yield were not  restricted by nitrogen shortage or
plant disease attack (1996) or by water shortage (1997), all of which clearly affected the stem
elongation of plants later in the growing season. When the stem elongation of monoecious cultivars
became restricted at the onset of flowering, stem elongation of dioecious cultivars would still have been
in progress, but high incidence of disease, and probably nitrogen shortage by that time, prevented the
dioecious cultivars from producing taller plant stands than the monoecious ones even though they
started to flower much later. This resulted in equal stem yields for almost all cultivars tested. 
Phenological development of accessions of the genus Cannabis is primarily determined by their origin.
Adaption to low latitudes should be expressed as late anthesis and seed maturity at high latitudes (de
Meijer and Keizer 1994). Further, van der Werf et al. (1994) have reported that late- or non-flowering
fibre hemp cultivars produce higher stem yield than early flowering ones owing to their longer period
of vegetative growth. In this study, it was assumed, therefore, that fibre hemp cultivars adapted to
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lower latitudes than in Finland would be late- or non-flowering in our conditions and thus exhibit high
stem yields. In reality this proved not to be the case. 
Linseed
Stem yield of linseed, flax and dual-purpose flax genotypes was studied in the 1990's for the purpose of
finding breeding material for new, dual-purpose Linum genotypes with combined production of seed
and fibre (Kaul et al. 1994, Foster et al. 1997). Linseed has so far been cultivated in Finland only for
seed. In this study, investigation of the ratio of stem to seed yield revealed that seven linseed genotypes
and the flax cv. Martta produced, on average, higher stem than seed yield and only four linseed
genotypes had higher seed than stem yield (III). On this basis, it would be reasonable to develop a dual-
purpose use for the presently cultivated linseed cultivars instead of leaving their valuable fibre-
containing stem unutilized. 
The stem yield data for linseed was analysed for two experimental sets: pooled data of experimental
seasons 1995-1997 (III) and pooled data for  the years 1996-1997 (IV). The latter experimental set was
required because the parameter fibre content in stems was determined only in the years 1996-1997, and
it was intended that evaluation of the true fibre yield should be based on fibre content and stem yield
determined only in the same year (IV). The overall stem yield was 1609 kg dry matter ha-1 (1995-1997),
which was on average 211 kg ha-1 less than that obtained for 1996-1997. The present cultivation area
for linseed in Finland is dominated by Finnish cv. Helmi, and this was compared with the other linseed
genotypes and one flax cultivar.  Four other linseed genotypes and flax cv. Martta produced
significantly higher stem yield than did cv. Helmi (III). The difference in stem yield was found to be
significant between cv. Helmi and the same genotypes independent of the pooling of data for the two
or three experimental years, except for the flax cv. Martta, which did not differ significantly from cv.
Helmi when the pooled data of the two years were analysed  (IV). It can be concluded that flax exhibits
(through higher plant density) considerably higher stem yield than linseed only when the normal seeding
rates (viable seeds m-2) of 2200 for flax and 800 for linseed are used (Pahkala et al. 1994, Järvi et al.
1999).
The interaction of the plant characteristics contributing to the stem yield seemed to be as flexible for
linseed as for fibre hemp: the traits affecting stem yield were able to compensate for each other in
linseed stem production. It can be concluded that, besides plant height and plant density, stem diameter
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affects the stem yield (III). For example, relative to cv. Helmi, breeding line Bor 18 produced
significantly higher stem yield and stem length, but its average plant density and stem diameter did not
differ significantly from those of cv. Helmi. Highest average stem yield was produced by a British cv.
Gold Merchant, which however, had significantly shorter stem length and lower plant density, but
thicker stems, relative to cv. Helmi (III, IV).          
Tailoring plants for increased stem yield
Fibre hemp and linseed exhibit wide variation in plant height, stem diameter and plant density,
characteristics determining the stem yield, which in turn is the main factor influencing fibre yield. The
ideal situation for expansion in the production area of a crop is that the cultivar used is never exceeded
in performance by another and its performance is not greatly altered by changing environment.
Genotype-environment interaction occurs, however, and frequently cultivars respond differently to a
changing environment. In this situation, the only thing the farmer can do is to choose the cultivar to suit
the environment or to modify the environment to suit the cultivar (Whittington 1981). 
In genetic terms the observed phenotypic variance (VP) can be theoretically expressed as
 (VP) = VE + VG + VGE
where VE is environmental variance, VG is genetic variance and VGE is the interaction of the genotype
and the environment. However, it is nearly impossible to analyse VGE and it is usually ignored in the
equation (Klug and Cummings 1986).
Variation in the yield components, which results in varying stem productivity from year to year but also
among the genotypes of fibre hemp and linseed, seems to be greatly dependent on environmental
variation (climatic, edaphic and biological factors). In particular, then, those characteristics of a
genotype that remain constant from year to year should be identified in order to select fibre hemp and
linseed cultivars with a high stem yield. Eberhart and Russell (1966) have suggested that, since little
additional progress in improving cultivars can be expected in reducing genotype-environment
interactions, one method would be to select stable genotypes that interact less with the environments
in which they are grown.       
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A given genotype may have many different phenotypes as a result of interaction of the genotype with
different environmental factors, but apparently similar phenotypes may also arise from quite different
genotypes (Sedgley 1991). To test different environmental variables in relation to plant performance,
one could apply early and late sowing dates, low and high plant populations and medium and high rates
of fertilizers. Easson and Long (1992) have done this for flax (time of sowing, nitrogen level and
seeding rate), Diepenbrock and Pörksen (1992) for linseed (nitrogen level and plant density) and
Höppner and Menge-Hartmann (1994) for fibre hemp (nitrogen level and seeding rate). 
The studies revealed that for flax, stem and fibre yield were higher when sowing was at normal time
rather than early or delayed and both stem yield and total fibre yield were increased  with higher seeding
rate and nitrogen level. Linseed exhibited highest average seed yield with 80 kg ha-1 of nitrogen and
stand density of 400 plants m-2, and the harvest index decreased with increasing plant density. For
hemp, shorter plant height was observed with increased seeding rate; increased seeding rate decreased
stem diameter, but increasing nitrogen level did the opposite. In one of the experimental years higher
hemp stem yield was also obtained with higher seeding rate and nitrogen level.    
4.1.2 Bast fibre content 
Besides stem yield, bast fibre content of the stem influences the bast fibre yield. Factors reported to
affect the fibre content are genotype (van der Werf et al. 1994), sex in the case of  hemp  (Höppner and
Menge-Hartmann 1994), precipitation (Menge-Hartmann and Höppner 1995), time of harvest
(Cromack 1998), stem part where the fibre content was determined (Hoffmann 1961), stem length
(Kaul et al. 1994) and stem diameter (Kaul et al. 1994, Turner 1987).      
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Fibre hemp
The overall bast fibre content in the hemp stem was 21.9% (II) (S.E.M. 2.0). Cv. Uso 31 produced the
highest average bast fibre content, which also was significantly higher than that of Uso 11, the cultivar
with which other cultivars were compared. Cv. Uso 31 also differed  significantly from cv. Uso 11 in
other plant characteristics:  it exhibited significantly shorter stem length and smaller stem diameter (II).
   
The low average bast fibre content obtained in 1995 (I) could be explained by the extremely low plant
density, which increased the stem diameter. De Meijer (1994) noted that the production of bast fibres
in the stem of cv. Kompolti Hybrid TC decreased as stem diameter increased. And Hennink (1994) has
similarly reported that thinner and shorter hemp plants produce more bast fibre than do tall and thick
ones. 
Hemp bast fibre consists of primary fibre and of less valuable secondary fibre. The proportion of
primary fibre in bast fibre averaged 89.0% (S.E.M. 1.9) (II). It is notable that, even though the average
stem yield and total bast fibre content of the widely cultivated monoecious French cvs. Fedora 19,
Felina 34 and Futura 77 were among the lowest, these cultivars exhibited high percentage of primary
fibre in the bast fibre (II). In general, however, the lowest average percentage of primary fibre in the
bast fibre was produced by the dioecious cultivars. Exceptionally, the dioecious cv. Novosadski
produced the highest average percentage of primary fibre in the bast fibre of the entire experiment,
though compared with cv. Uso 11, the difference was not statistically significant (II).
 
The relationship between bast fibre content and stem diameter was assessed with a scatter diagram,
which showed the average variable values by year for cvs. Kompolti Hybrid TC, Uniko B, Uso 11 and
Uso 31, the cultivars that were included in the experiment in all three years. On the basis of this limited
data, it would seem that the bast fibre content is less sensitive to variation in stem diameter in
monoecious cultivars than in dioecious ones (II).
 
De Meijer (1994) reported high heritability in hemp stem composition, i.e. mass fractions of woody
core, total bast fibre and proportion of primary and secondary fibres, since the ranking order of hemp
accessions studied for stem composition was highly stable over the years. The effect of stem diameter
on the stem composition was reduced by restricting the diameter variation of stems to within 3 mm.
Further, de Meijer (1994) confirmed through a preliminary study, where stem diameter was allowed to
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vary within 10 mm, that the relationship between stem diameter and stem fraction is accession-
dependent: stem diameter affected mass fractions of woody core, total bast fibre, and proportions of
primary fibre and secondary fibre in stems of dioecious cv. Kompolti Hybrid TC, whereas only primary
and secondary bast fibres in the stems of diocecious cv. Kompolti Hybrid Elite were affected.  
Linseed
The overall bast fibre content of the linseed stems was 16.9% (S.E.M. 0.7) (IV). Interestingly, the
domestic linseed genotypes invariably exhibited higher fibre content in the stem than did the imported
ones. British cvs. Gold Merchant, Linus and Canadian cv. Norlin produced significantly lower fibre
content in the stem than did domestic cv. Helmi, but Canadian cv. Flanders and British cv. Laser did not
differ significantly from cv. Helmi (IV). It is notable also that breeding line Bor 18 was characterized
by a significantly higher fibre content in the stem than cv. Helmi, although domestic breeders have not
concentrated at all on improving the fibre content in the stem of linseed. The old domestic flax cv.
Martta was expected to have higher fibre content in the stem than linseed cv. Helmi, but surprisingly
this was not the case. Turner's (1987) observation may be relevant: in the thinner stems typical of high
plant density the fibre content will increase. Thus, in this study, when flax cv. Martta was grown at the
low plant density typical of linseed cultivation, it failed in some conditions to yield higher fibre content
in the stem than linseed cultivars and breeding lines.
Besides the present study, only a few other studies have been published concerning linseed bast fibre
content, and none of these are fully comparable ones. For example, Kaul et al. (1994) reported the bast
fibre content of their linseed cultivars to vary on average from 9.8 (5 cultivars) to 17.1% (2 cultivars),
depending on the experimental year, but, the cultivars and the method used in determining the fibre
content were not revealed.
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4.1.3 Bast fibre yield
The bast fibre component is of special interest because it ranks in value above the other stem fraction,
the woody core, and has also been used separate from the woody core in a number of technical
applications as noted above.  
Fibre hemp
The overall total bast fibre yield of hemp was 1306 kg dry matter ha-1 (S.E.M. 165). The dioecious
Kompolti Hybrid TC was the only cultivar to produce significantly higher bast fibre yield than cv. Uso
11. The yields of most of the other cultivars did not differ significantly from the yield of cv. Uso 11 (II).
The monoecious cv. Uso 31 produced the highest average bast fibre content and the dioecious cv.
Novosadski exhibited the highest average stem yield and yet the highest bast fibre yield was produced
by dioecious cv. Kompolti Hybrid TC (II). This result confirms that increase in bast fibre yield is easier
to achieve by management practices that  increase the stem yield than by increasing the bast fibre
content in the stem. Similarly, Hennink (1994) has reported that other factors, such as plant height, date
of flowering and stem diameter, are closely related to bast fibre yield.    
Hemp bast fibre consists of primary and secondary fibres. The overall primary fibre yield was 1157 kg
dry matter ha-1. The highest average primary fibre yield for a single cultivar was produced by cv.
Kompolti Hybrid TC, the cultivar with the highest total bast fibre yield. The highest single percentage
of primary fibre in the bast fibre, however, was produced by cv. Novosadski (II). The highest average
yield of secondary bast fibre, 395 kg ha-1 (average bast fibre yield minus average primary fibre yield),
was produced by the dioecious cv.VxKompolti (II). This information is valuable if the use of the
secondary fibre fraction becomes of industrial interest. The amount of secondary fibre produced per
hectare corresponded to the average total bast fibre yield ha-1 of  the highest yielding linseed genotype
Bor 18 (IV). However, such a low amount of secondary fibre per area is probably not profitably
extracted and used  apart from the primary fibre fraction. 
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Linseed
Total bast fibre yield for linseed averaged 301 kg dry matter ha-1  (S.E.M. 11). The yield was
significantly higher for domestic linseed breeding lines Bor 15 and Bor 18 than for cv. Helmi: the upper
limit of the 95% confidence interval revealed that the true fibre yield may be at maximum 193 and 186
kg ha-1 higher for Bor 15 and Bor 18, respectively. The yield was also significantly higher for the
introduced cvs. Flanders and Gold Merchant than for cv. Helmi.
 
Kaul et al. (1994) reported a positive correlation between plant height and fibre yield of Linum
usitatissimum. Results of this study (IV) revealed that even though the flax cultivar produced
significantly taller plants than linseed, it did not produce significantly higher stem or fibre yield because
of the low plant density. Low plant density is generally used in linseed cultivation and was applied for
flax as well. Although higher seeding rate evidently would lead to higher linseed stem and fibre yield,
seed yield would be decreased because there would be less space for branching. This relationship
between seed and stem yield, measured in terms of harvest index (HI), i.e. percentage of seed weight
of the above-ground biomass (Diepenbrock and Pörksen 1992), should therefore be studied more
closely in order to determine the most effective seeding rate for dual-purpose production of linseed. In
a study by Diepenbrock and Pörksen (1992), the harvest index for linseed was highest at a stand density
of 200 plants m-2 and it decreased systematically with increasing density up to the highest examined
density of 1200 plants m-2.
  
4.2. Bast fibre quality
According to van Dam et al. (1994), the introduction of plant fibres as industrial raw material for non-
traditional (non-textile) applications is hindered by the lack of standardized methods for determining
fibre characteristics. Without standardized methods it is difficult to choose the parameters to be studied
in assessing the mechanical bast fibre properties. Furthermore, technical applications for both hemp and
flax bast fibres (and probably for linseed as has been discussed above) are both many and diverse (Karus
1995, Smeder and Liljedahl 1996), setting a variety of demands on fibre quality. To date, the best
properties for flax fibre are those set by Smeder and Liljedahl (1996):
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1. Fundamental properties (e.g. health aspects, biodegradability, recyclability, renewable
     resource, preservation of open landscapes, cultural image),
2. Performance (overall quality and secondary effects of the end product),
3. Functional properties (structure, absorbency, insulation, fire resistance, reinforcement),
4. Secondary effects (other effects of using the fibre than the desired effect) and
5. Fibre properties (physical and chemical properties of the raw material; strength, dimensions
    and composition).
Among the properties itemized above, the most important ones for technical applications are fibre
length, diameter and strength expressed as tensile strength or stiffness (Smeder and Liljedahl 1996).
The quality parameters of most importance in the textile industry, namely strength and elasticity, are
among the most desired fibre characteristics for non-textile products. Since the main objective of the
present study was to evaluate the mechanical fibre properties of genotypes of the same plant species,
the parameters fibre strength and fibre elasticity were determined by measuring breaking tenacity
(cN/tex) and elongation at break (%) of the fibres using the standard method SFS-EN ISO 5079 (ISO
5079 1995(E)), which has been designed for measuring textile fibres.  
The formula for the breaking tenacity of the fibres (cN/tex) indicates the maximum breaking force
applied to a test specimen carried to rupture, divided by the linear density (Heyland et al. 1995, ISO
5079 1995(E)):
                                Fmax
Breaking tenacity [cN/tex] =   --------  x  lf    
                                  mf
where
Fmax   = the maximum breaking force applied to a test specimen carried to rupture [N]
mf      = mass of the fibre [g]
lf        = length of the fibre [mm]
1 tex  = 1 g divided by 1000 m. 
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The formula for the elongation at break of the fibres indicates the elongation of a test specimen
produced by the breaking force expressed as percentage (Heyland et al. 1995, ISO 5079 1995(E)):
                                            ∆lF
Elongation at break [%] = ------  x 100
                                              l0
where
∆lF   = change in length of the test specimen [mm] at the maximum breaking force applied to  a test
specimen carried to rupture
l0      = initial length of a test specimen [mm] under specified pre-tension at the beginning of a  test.
Because only a limited number of measurements were performed, the data for the breaking tenacity of
the fibres given in section 4.2.1, and for the elongation at break of the fibres given in section 4.2.2,
were analysed in terms of  median value, 25th percentile (first quartile, i.e. value greater than 25 per
cent of the values measured) and 75th percentile (third quartile) (II, IV).
4.2.1 Breaking tenacity of the fibres
Fibre hemp and linseed
Among hemp genotypes, the median for breaking tenacity of the fibres varied with  the cultivar and year
from 41 to 74 cN/tex. The dioecious cv. Uniko B in 1995 and the monoecious cvs. Fedora 19, Felina
34 and Futura 77 in 1996 exhibited the best uniformity of fibres, i.e. the lowest variation of fibre
strength (II). The variation was expressed as a line segment, which presented the interquartile range
inside of which 50% of the measured fibres were included. The variation in fibre strength of the best
cultivars was 6 (cv. Felina), 9 (cvs. Fedora 19 and Futura 77) and  10 (cv. Uniko B) cN/tex. The
monoecious cv. Uso 11 exhibited the highest variation in fibre strength, which was 43 cN/tex in 1996
(II).
The breaking tenacity for linseed was measured only in 1996, and the median among genotypes varied
from 41 to 67 cN/tex (IV). However, none of the linseed genotypes showed similar high uniformity of
the fibres to the fibre hemp cultivars. Hence, variation in fibre strength was at lowest as high as 28
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cN/tex (cv. Norlin) and at widest 60 cN/tex (breeding line Bor 13). Comparison of the linseed and
hemp genotypes in 1996 (II, IV) revealed no difference in the median values of fibre strength for the
two plant species, but the variation of the fibre strength was narrower for the hemp cultivars, so that
the fibre hemp seemed to have better uniformity of fibres than linseed.
Hemp fibres are reported to be the strongest and most durable of all natural fibres (Clarke 1999). In
fibre tests made at the Institute for Applied Reseach in Reutlingen, Karus and Leson (1997) found the
tensile strength of heckled hemp fibre to exceed the values of all other tested natural fibres and fibre
glass. In agreement with that, Kohler et al. (1997) reported the fibre strength of linseed to be 41,
whereas it was 74 cN/tex for hemp. An opposite result was reported by van de Velde et al. (1998): the
strength values were 60 cN/tex for flax and 48 for hemp. Unfortunately, the materials and methods used
in the analyses were not adequately described, preventing meaningful comparison of the results. The
better fibre strength of hemp than of flax or linseed is generally reported, however, and the preliminary
findings of the present study are in agreement with this. 
Bottlenecks in the determination of breaking tenacity of the fibres
Because standard methods have not been developed for non-textile i.e. technical plant fibres,  breaking
tenacity of the hemp and linseed fibres of the present study was based on the standard 'Textile fibres -
determination of breaking force and elongation at break of individual fibres' (ISO 5079 1995(E)).  
The tensile testing machine that was used measures the fibre strength in such a way, that the fibre
sample is gripped with clamps at the specified initial length. The standard suggests a fibre length of 20
mm. The length of  fibre between the clamps is an especially important factor for natural plant fibres.
For one thing, the longer the fibre between the clamps the lower will be the tensile strength. In addition,
the length of the fibre measured determines what kind of fibre strength really is measured. For example,
if the distance between the clamps used to test a hemp fibre bundle is 2 mm, the break will occur
through fibre cell walls because the length of a single fibre cell ranges from 5 to 100 mm (see Table 1).
If, instead, the distance between the clamps is set at 50 mm, the apparatus measures the break that
takes place along the middle lamella (Rennebaum et al.1998). This makes it important to know the
length of the bast fibre to be used in a technical application beforehand, in order to get results that are
really informative for industry. In most technical applications where flax fibres will be used, the demand
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for fibre length will probably be shorter than the natural length of a single fibre (Smeder and Liljedahl
1996). 
In the present study, the distance between the clamps was set at 20 mm, a value that made it difficult to
determine whether the apparatus measured the breaking of cell walls or breaking along the middle
lamella. The results would nevertheless be useful for applications where initial fibre length of about 20
mm was to  be used. 
As was noted above, comparison of mechanical properties of the bast fibres measured here with those
reported by other authors is not particularly insightful owing to the lack of detail in the literature of
describing materials and methods. Furthermore, fibre strength can be expressed with one of several
incomparable parameters, for example N/mm2 or cN/tex (Heyland et al. 1995). Only when standard
methods for measuring the mechanical properties of natural plant fibres are developed will comparisons
of the bast fibre plants grown in different countries be possible. 
4.2.2 Elongation at break of the fibres
Depending on the hemp cultivar and the year (1995-1996), the median for elongation at break of the
fibres varied from 3.3 to 5.5% (II), whereas that of linseed genotypes was somewhat higher, varying
from 3.5 to 6.8% in 1996 (IV). The dioecious fibre hemp cv. Uniko B in the years 1995 and 1996 and
the monoecious cv. Fedora 19 in 1996 showed the best uniformity in fibre elasticity: the variation was
only 1.5, 1.75 and 1.5%, respectively. It is worth noting that the same cultivars exhibited the best
uniformity in fibre strength. As for the Linum usitatissimum genotypes, flax cv. Martta and linseed
breeding line Bor 18 exhibited high uniformity of fibre elasticity, with variations of only 1.75 and 1.5%,
respectively. The variation of fibre elasticity tended to be greater for linseed than for fibre hemp.
According to Karus and Leson (1997), the elasticity of heckled hemp fibre was low (1.3%) in
comparison with that of other natural fibres and comparable to that of fibreglass. Kohler et al. (1997)
report elongation of 0.7% for linseed fibre and 1.3% for hemp fibre, but van de Velde et al. (1998)
report a fibre elongation of 1.8% for both flax and hemp. However, the values reported in different
studies are not directly comparable, because of the differences in analytical methods.  
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4.3 Preconditions for bast fibre production  in Finland
Bolton (1995) has listed the essential requirements for production of plant fibre: 
1. Material is produced at a large enough scale,
2. Fibre quality is adequate for the end use,
3. Price is competitive, and
4. A proven technology is available for the processing of the new material.
Besides these requirements, many other factors may be of importance when growing fibre hemp or
linseed for bast fibre to be used in technical applications. These factors  are discussed below as a means
of evaluating the true productivity of the plant species examined in this study and of assessing other
prerequisities for economically feasible bast fibre production in Finland.
4.3.1 Hemp and linseed in crop rotation
Prices of many arable crops have fallen and subsidies for food crops have been reduced within the
European Union. This has resulted in fewer crops to be planted, with concentration on the relatively
profitable crops such as potato, sugar beet and cereals. As a result of shorter  crop rotations, the
number and distribution of diseases increases and yield levels decrease (Ranalli 1999). Both linseed and
fibre hemp are suitable plant species to include in a more diversified crop rotation. Linseed is resistant
to most cereal diseases and would serve well as a break crop (Turner 1987). Hemp has a positive effect
on the soil structure: tap roots and senesced leaves increase the organic matter in the soil and dense and
tall hemp stands suppress the growth of weeds, which  in turn allows decreased use of herbicides on the
next plant species in the crop rotation. 
4.3.2 Diseases and pests
Hemp and linseed grown in Finland are still relatively free from diseases and pests, mainly due to the
short cultivation history after their re-introduction in the 1990's. Several potential pathogens and pests
of these plant species nevertheless exist, as listed below, and preserving Finland's advantage in the
cultivation of healthy linseed and hemp stands should be considered an important goal. 
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Fibre hemp
Most hemp diseases are caused by fungi; grey mould due to Botrytis cinerea is the worst disease, and
stalk cankers caused by Sclerotinia sclerotiorum are common in hemp stands (McPartland 1999). Both
diseases were found in the experimental hemp stands of the present study (I). Other harmful fungi
causing disease in hemp are Fusarium ssp., Cladosporium ssp., Verticillium ssp.,  Alternaria ssp.,
Septoria ssp., and Phoma ssp. (McPartland 1999). One way to prevent the spread of hemp disease is
a sufficient crop rotation interval of several years.  
McPartland (1999) states that hemp is not pest-free but pest-tolerant; although nearly 300 insect pests
have been described on hemp, only a few cause economic losses. The most serious pests are
lepidopterous stem borers, beetle grubs, caterpillars, beetles, bugs, leafminers, mites, slugs, rodents and
birds  (McPartland 1996). No harmful pests were observed in experimental fields during this study. 
Linseed
Because of the present modest cultivation area in Finland, linseed has not yet suffered from harmful
diseases (Lehtinen 2000). No plant diseases were observed in field experiments during this study.
Absence of disease is particularly important for organically grown linseed, where the use of crop
protection agents is restricted. The low incidence of disease could be maintained in the future as well
if, for example, the recommendation for a rotation interval of five years was followed (Turner 1987).
In England and Germany, pathogens such as Alternaria spp., Fusarium spp., Pythium spp., Phoma
exiqua, Oidium limi, Botrytis cinerea, Septoria linicola and Verticillium dahliae have been observed
on seedlings, at flowering or at crop maturation, and Alternaria spp., Fusarium spp. and Botrytis
cinerea in seeds after harvest (Fitt et al. 1991).  
As listed by Walters and Lane (1991), the potential pests for linseed in England and Wales are capsids,
thrips, flea beetles, leaf miners, flax tortrix moth, aphids, pollen beetles, leaf hoppers and caterpillars.
Very few linseed crops showed more than slight damage from these pests, however. Similarly, 
Lehtinen (2000) reports that pests have not had a damaging effect on linseed crops in Finland. The
same was confirmed during this study.  
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4.3.3 Regional concentration of  linseed and hemp production
The planted linseed area was 2051 ha in 1998 and it was concentrated in Southwest Finland
(Virolainen, J., Ministry of Agriculture and Forestry, personal communication, 1999). Calculations
based on the present cultivation, taking into consideration the average stem yield obtained in this study,
suggest that perhaps 500 000 kg dry stem biomass is produced in Finland annually (IV). Most of this
biomass would easily be available for industry if the industry were situated near the centre of the linseed
cultivation region. A greater supply of  linseed stems or its bast fibres would necessarily require  an
increase in the demand for the main product of linseed cultivation, the seeds.
As the situation stands at the moment, utilization of fibre hemp stems would be more difficult than
cultivated in a single area but throughout Finland. Moreover, large-scale production of hemp bast fibre
is not possible until the greatest challenge for hemp cultivation in Finland has been met, i.e. low
moisture content of biomass at harvest.
4.3.4 Biomass moisture content at harvest
In linseed cultivation, stems are the residue of seed production, and, as Bolton (1995) notes, utilization
of the whole plant could increase the farmer's income, sufficiently to make the crop more competitive
with other crops. Because the thin stems of  linseed  are partly crushed after seed threshing, and the
stem biomass lies rather loosely over the stubble (Pasila et al. 1998), dry stems could be harvested in
Finland even in September, without the need for artificial drying (III).
Fibre hemp is harvested in September or October in Finnish conditions, when the moisture content of
the biomass is high. By way of example,  the moisture content varied between 62 and 68% in 1997. At
stem harvest, hemp biomass still includes green leaves and inflorescences, and the cut stems form a
thick layer in the field, which cannot be air dried owing to the already cold and moist weather.
Successful long-term storage of the stems would require artificial drying and could well  be too
expensive (Pasila 1998). In Finland, both linseed and fibre hemp have been left to stand in the field over
the winter, with the harvest carried out the following spring. This alternative "dry-line" method has
been studied by the Department of Agricultural Engineering and Household Technology at the
University of Helsinki (Pasila 1998). The spring harvesting method has already been successfully
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applied for reed canary grass (Phalaris arundinacea L.) grown for paper and pulp (Hemming et al.
1996).
In the present study, fibre hemp grown on some of the experimental plots in 1995 was left to stand in
the field over the winter and harvested the next spring, on 5 May. At that time, the moisture content of
stems was as low as 13%. During the winter, retting takes place naturally and bast fibres loosen from
the stems by the springtime. Moreover, all the leaves and inflorescences have dropped away and the
woody core in the stem becomes so weak that the decortication, i.e. scutching, which separates the bast
fibres from the woody core (Ranalli et al. 1999) occurs automatically at baling and the woody core
remains in the field (Pasila, A. University of Helsinki, Department of Agricultural Engineering and
Household Technology, personal communication 1999). Clearly, unfortunately,  this harvesting method
does not allow for the utilization of the woody core part of the stem. A spring harvesting method for
fibre hemp stands is in need of further study. In particular, examination of fibre quality would be
important  because fibres harvested in the spring are much weaker (see 4.3.5) than fibres harvested in
the autumn (II), and poor quality of the fibres might decrease the number of potential applications.
Moreover, the European Commission (Commission Regulation 1989) does not yet accept the spring
harvesting method for fibre hemp.
4.3.5 Fibre quality
Many different methods have been used to assess technical fibre quality and precise quality properties
and standards have not yet been established. In this study, fibre strength and elasticity were measured
by the standard for textile fibres, ISO 5079 (1995(E)). The results revealed a clear difference in fibre
strength and elasticity between autumn (1996) (II) and spring (1997) harvested hemp. Spring harvested
fibres exhibited poor strength, i.e. the median values of breaking tenacity scarcely reached the lowest
median values determined for fibres harvested in the autumn. The breaking tenacity of the spring
harvested fibres varied from 15 to 42 cN/tex and that of the autumn harvested fibres from 41 to 74
cN/tex. Figure 10 shows, however, that the uniformity of the fibres of the spring harvest, determined
as the length of the line segment that includes 50% of the samples measured, was better than that for
the autumn harvested fibres except for the French monoecious cvs. Fedora 19, Felina 34 and Futura 77.
Similarly to fibre strength, fibre elasticity was lower for spring harvested fibre material than for autumn
harvested material: depending on the cultivar, the median values varied from 2.0 to 3.8% and from 4 to
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5.5%, respectively. Except for cvs. Fedora 19, Novosadski, Secuieni 1 and Uniko B, the uniformity in
elasticity was better for fibres harvested in the following spring than for fibres harvested in autumn
(Figure 10, II). 
With the differences in mechanical fibre properties between the autumn and spring harvest so clear, it
would be of interest to know how prolonged natural retting in the field, which may continue until
harvest  in the springtime, may affect the strength of a single fibre cell in a fibre bundle. In this case, the
fibre length between the clamps in the test for breaking tenacity described above (section 4.2.1), should
be set at just 2 mm (Rennebaum et al. 1998). Even though the fibre strength of the spring harvested
fibres was poor, spring harvesting does not necessarily result in exclusively negative fibre quality: water
absorbency of fibres is dependent on plant species, degree of retting and how the fibres are processed.
Thus, in a preliminary study by Kymäläinen (1998), absorbency test showed that hemp fibres harvested
in the spring absorbed a larger  amount of water than did green, unretted hemp fibres harvested in the
autumn.    
Warner (1995) has concluded that one cannot expect to have a lot of control over the structure of
natural fibres; what you harvest is what you get. It is generally accepted that annual fibre crops are
more heterogeneous in their chemistry and fibre characteristics than is softwood (Bolton 1995). This
study confirms the heterogeneity of fibre properties of fibre hemp and linseed, as assessed by
parameters such as proportion of primary fibre in bast fibre (hemp), fibre strength and fibre elasticity
(hemp and linseed). Heterogeneity was extensive between cultivars but also within a cultivar.
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FIGURE 10. Median (), 25th percentile () and 75th percentile () for breaking tenacity (cN/tex) (a) and  elongation
at break (%) (b) of fibres measured for 12 fibre samples of each cultivar, which were harvested in spring (May 1997)
following the growing season (1996).
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4.3.6 Economic aspects
Investments in new machinery are often required if a new plant species is taken into crop rotation and
if part of the processing of the raw materials will be carried out at farm level. Several machines have
been studied and modified for fibre hemp harvest (cutting, turning, decortication and baling)
(Rottmann-Meyer 1997). In Finland, autumn harvest of hemp stems is probably not possible without
modifications in harvesting machinery. However, if  spring harvesting of fibre hemp were allowed,
investments in new machinery would probably be minimal because stems are weak in the springtime and
normal mowing machines designed for grass harvest could be used. A decorticator would not be
needed because baling loosens the weak woody core of the bast fibres, allowing the harvesting of
relatively pure bast fibres. In this case, however,  the woody core would stay in the field and the
farmer's income would be reduced accordingly if uses for both the bast fibres and woody core are one
day developed in Finland. At seed threshing of linseed, only the upper part of the stem is cut (Pasila et
al. 1998). To obtain higher stem yields, high stubble would have to be cut before the air drying and
baling of stem biomass in the field. The problem is that every additional management practice in the
field increases cultivation costs.  
It is clear, of course,  that industry will only be interested in using plant fibres if the price of the raw
material is low enough. One prerequisite for achieving low price is a short distance between the farm
and the manufacturer. Hemp and linseed stems are bulky materials with low weight and large volume.
It has been calculated for another plant species, reed canary grass (Phalaris arundinacea L.), which has
been cultivated for pulp and paper use, that to satisfy the price expectations of both farmer and industry
the distance between the site of production and the pulping factory should not exceed 100 km
(Hemming et al. 1996). Clearly, loose-packed hemp or linseed stems cannot bear a high transport cost.
As discussed above, the manufacturer needs to be located near the centre of the cultivation area.
Reduction of the transportation costs through value added processing of the raw material at the farm
level also would be desirable, one option would be the development of mechanical fibre separation, i.e.
in-field decortication, which would reduce the volume and thus the transport costs (van Dam et al.
1994, Bolton 1995).
The end-use and the price to be paid for hemp or linseed bast fibres need to be known to the farmer
beforehand for optimization of the costs. At present, no true price for technical plant fibres has been
determined in Finland because the processing industry that would use the hemp or linseed fibres either
does not exist or has just started up, with use being made mainly of flax fibres. Insulating material will
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be manufactured in Peräseinäjoki by Linsul Oy, in Parikkala by Isolina Parikkala Oy and in Pohja by
Flaxlin Oy (Törmänen 1999). Calculations made for flax used as an insulation material suggest that the
price paid for the stems could be appr. 0.50 FIM/kg (Pirkkamaa 1998). Further, Aaltonen et al. (1998)
have estimated an energy value of 0.30 FIM/kg for linseed stem material. In the first case, the gross
farm income with average flax stem yield of 6033 kg ha-1 (Järvi et al. 1999) would be 3017 FIM per
hectare, and in the same case for linseed with an average stem yield of 1609 kg ha-1 (III) the income
would be 805 FIM. The corresponding gross farm income for a common cultivated fodder oat with
average seed yields of 3000, 4000 and 5000 kg ha-1 varies from 2160 to 3600 FIM (Enroth 1998).
Calculations are rough because the various subsidies have not been included, and for linseed it should
be remembered that the main product, which gives the primary income,  is the seed.  
Comparison of production costs and incomes of fibre hemp, linseed and flax
To compare costs and incomes of fibre hemp and linseed production and on that basis to recommend
plant species for cultivation and production of technical fibres in Finland is not entirely valid since stems
and bast fibres are the main product of fibre hemp, while they represent an extra income in linseed
cultivation, where seeds are the main product. Table 4 shows simply a rough comparison of  the
production costs and incomes of these two plant species. If the suppositions listed below Table 4 were
correct, linseed cultivation and utilizing of both seeds and stems would be more profitable than  the
production of fibre hemp stems. 
Comparison of costs per produced stem and bast fibre kilogram (Table 4) reveals, however, that the
production costs for stems and bast fibres are two and 2.5 times as high for linseed as for fibre hemp.
This is already evident in the clearly lower stem and fibre yields obtained from linseed than from fibre
hemp.
Production costs and incomes for fibre hemp should, in fact, rather be compared with those of flax,
which can also be cultivated for technical fibre. Flax was not included in this study because it had been
studied in another projects (Pahkala et al. 1994, Savikurki 1994). A rough comparison of  fibre hemp
and flax in Table 4 reveals that production costs for fibre hemp could be lower and incomes equal
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TABLE 4. A simple comparison of production costs, costs per produced stem and bast fibre kilogram and incomes for fibre hemp, linseed and flax. 
______________________________________________________________________________________________________________________                  
                                                                
Fibre hemp Linseed Flax
___________________________ ___________________________ ____________________________
Amount    á FIM     Total FIM Amount á FIM     Total FIM Amount á FIM      Total FIM
COSTS kg ha-1 kg ha-1 kg ha-1
______________________________________________________________________________________________________________________
Sowing seed 50 35      1750 50 7.50      375 130 17      2210   
Fertilizer 500 1.23        615 250 1.23      308 150 1.23      185
Herbicide - -      - 1.4 475      665 1.4 475      665
     _____      _____      ______
          2365      1348      3060      
INCOMES
______________________________________________________________________________________________________________________
Seed yield - -      - 1510 (III) 1.90      2869 - -      -
Stem yield 5960 (II) 0.50      2980 1820 (IV) 0.50        910 60331 0.50      3017
     _____      _____           ______
         2980      3779      3017
COSTS
______________________________________________________________________________________________________________________
Per produced stem kg      0.40      0.84      0.51
     Per produced  bast fibre kg      1.81 (1306 kg, II)      4.48 (301 kg, IV)      2.39 (1278 kg1) 
______________________________________________________________________________________________________________________
It was assumed that
1. Soil cultivation and sowing costs are the same for all plant species.
2. Harvest costs of fibre hemp and flax stems consist of mowing and baling, for linseed harvest costs are higher due to the seed threshing besides mowing
     and baling of stems. Cost of artificial drying was not included, although at autumn harvest it is always required for fibre hemp stems, and in some years
          also for flax and linseed.
3. Subsidies have not  been taken into account because they will be changed significantly for the growing season 2000.
4. Cultivation costs are based on present cultivation management practices and prices for products are based on information of both 1999 and 2000.
5. Applied amount of nitrogen(Pellon Y-lannos 4) in fertilizer was 100 kg N ha-1 for fibre hemp, 50 kg N ha-1 for linseed and 30 kg N ha-1 for flax.
6. Basagran SG was used as crop protection agent. 
1Järvi et al. 1999.
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relative to those of flax. Furthermore, costs per produced stem and bast fibre kilogram appear to be
lower for fibre hemp. If fibre hemp yields could be increased in Finnish conditions and the problem with
high moisture content in biomass at autumn harvest could be solved, fibre hemp could become the
preferred plant species for the production of technical fibres.
 4.3.7 Processing capacity for plant fibres
Plant fibres differ from both man-made fibres and wood fibres, and specific adaptations of the
processing technology are a necessity (van Dam et al. 1994). Processing technology for fibre hemp and
flax stems has been widely studied and the required machinery has been developed (Assirelli et al. 1997,
Charle and Wolpers 1997, Pasila et al. 1998). As this kind of special machinery is unique, it is 
also expensive. Besides the expence, there is the risk of investing in technology for technical
applications based on domestic plant fibres before a sufficient supply of these fibres (and/or woody
core) has been assured. For example, of the three Finnish companies that are beginning to manufacture
insulating material from flax fibres, only one will use Finnish raw material. The other two plan to import
flax from Belgium or Holland (Törmänen 1999).    
4.3.8 Organization of the production chain
Effective use of fibre hemp and linseed fibres requires institutionally strong backing for the whole
production chain. This approach has been carried out with success in France and in the Netherlands. In
France, three organizations are involved in the production of fibre hemp: the Fédération des
Producteurs de Chanvre (FNPC) conducts research on agronomy and processing and breeding, the
Comite Economique Agricole de la Production du Chanvre (CEAPC) is responsible for the production
contracts between farmers and buyers and markets the seed, and the Cooperative Centrale des
Producteurs de Semences de Chanvre (CCPSC) contracts the production of seed with farmers, buys the
seed and markets it (van der Werf  1994).
     
In the Netherlands, the private company HempFlax B.V. has been involved since 1994 in the
production and processing of fibre hemp and flax. The philosophy of the company, which operates in
the Netherlands and Germany, is to manage the whole production chain from sowing up to the end
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product. The company itself owns the machinery and carries out the sowing, harvesting and processing
of the plant material (Hendricks 1997). 
A similar kind of system exists for linseed in Finland: the company Elixi Oil secures its linseed supply
by contract cultivation and uses the seeds in foodstuffs, health products, technical oil and feedstock
meal (Värri 1998). In fact, there were earlier plans also to deliver the linseed stems from the farms
under contract to a company, familiar with the technique of producing insulation materials (Rintakoski
1996). Unfortunately, manufacturing never really began owing to a fire in the factory. Probably the best
arrangement for using linseed stems in Finland would be one in which a company already dealing with
seed derived products expanded its operations to include stem material supply or even a manufacturing
of various fibre products.
4.3.9 Onset of flowering of fibre hemp
Onset of flowering (hemp and linseed), failure to flower (hemp), failure of seed formation (hemp) and
growing time required for seed maturity (linseed) are the important characteristics to consider in
selecting cultivars for Finnish conditions. Since these plant characteristics were not evaluated in detail
in the original papers (I-IV), this and the following section deal, respectively, with phenological
development of fibre hemp and growing time of linseed.  
In comparison with monoecious cv. Uso 11, which was taken as a reference, dioecious fibre hemp
cultivars exhibited better or equivalent stem and fibre yields and quality traits (I,II). Fibre hemp is a
short-day plant, which means that the onset of  flowering and seed formation are delayed in Finnish
conditions, and there is also considerable variation in the onset of flowering depending on year and
cultivar. The dioecious cultivars failed to form seeds, which is a prerequisite for the harvesting of  hemp
in the member states of the EU. Furthermore, most of the dioecious cultivars that were tested are not
included in the present hemp cultivar list of the EU, which mainly comprises monoecious hemp cultivars
(Commission Regulation 1989). In view of this, the dioecious cultivars were  not recommended for
cultivation (I, II).
The overall number of days required from sowing to the onset of flowering was 93 (S.E.M. 6) with
varying yearly means of 88 days (SD 7), 99 days (SD 12) and 79 days (SD 13). The difference in the
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required number of days was significant among the genotypes (F13,71 = 30.71, P < 0.001): relative to cv.
Uso 11, none of the cultivars was significantly earlier, but most of the cultivars required a significantly
longer time to the onset of flowering (Table 5). 
TABLE 5. Number  of  days  from sowing to  the onset  of  flowering  of 14  fibre  hemp  cultivars.  Means
 (lsmeans), corresponding 95% confidence intervals for the differences in  the number  of  days  required
 to the onset of flowering, and the statistical significance of the difference between cv. Uso 11 and the other
 cultivars (P-values).  Average  date  for  the onset of the flowering for each cultivar and experimental  year
 is given.
_______________________________________________________________________________________
      Days from sowing to the                                     
      onset of flowering  Date of the onset of flowering
      _____________________________ _______________________________
Cultivar                  Difference     Confidence   P-value 1995 1996 1997
                    interval
_______________________________________________________________________________________
Uso 11    78 (mean) 25 Aug. 4 Aug. 26 July
Beniko    5   (1, 10)         0.027 18 Aug. 29 July
Bialobrzeskie    7   (2, 11)         0.007 17 Aug. 2 Aug.
Fedora 19  12   (8,17)        <0.001 21 Aug. 4 Aug.
Felina 34    14   (10, 19)     <0.001 25 Aug. 9 Aug.
Futura 77 30     (23, 37)     <0.001 8 Oct.
Kompoltia 37   (30, 44)     <0.001 2 Oct.b
Kompolti Hybrid TCa 25   (20, 31)     <0.001 4 Oct.b 8 Oct.b 2 Oct.b
Novosadskia   19   (14, 24)     <0.001 26 Aug.b 18 Aug.b
Secuieni 1 27   (21, 34)     <0.001 6 Oct.
Uniko Ba   9   (5, 14)       <0.001 22 Aug.b 25 Aug.b 2 Aug.b
Uso 31 -4   (-9, 0)         0.052 20 Aug. 1 Aug. 22 July
VxTiborszállásia   8       (2, 14)        0.014 4 Aug.b
VxKompoltia   17   (10, 25)     <0.001 4 Oct.b
_______________________________________________________________________________________
a dioecious cultivars, others are monoecious
b male plants
The onset of flowering was the last phenological stage that could be determined for all fibre hemp
cultivars before stem harvest in the autumn. Monoecious fibre hemp cultivars, except for cvs. Futura 77
and Secuieni 1, started to flower in either July or August (Table 5), and all monoecious cultivars
produced seeds before  the stem harvest in September or October. In the case of the dioecious
cultivars, cvs. Novosadski, Uniko B and VxT started to flower in August and the others in October.
However, only male plants of the dioecious cultivars flowered, and thus seed formation of the female
plants failed. Indeed, Borthwick and Scully (1954) and Heslop-Harrison and Heslop-Harrison (1969)
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have noted that sexual dimorphism affects daylength sensitivity so that male plants flower earlier than
the female ones.
According to van der Werf et al. (1994), as a short-day plant,  hemp should produce taller plants and
better yields when grown at higher latitudes owing to the delay or failure of flowering, which should
allow a prolonged vegetative growth period. The findings of the present study confirmed, however, that
high yields cannot be achieved without satisfactory nutrient supply and the cooperation of other
environmental factors (I, II). Borthwick and Scully (1954) earlier showed that, even though the
photoperoid exerts a strong influence on the time of flowering, this effect is modified in varying degree
by the interaction between photoperiod and other environmental factors. Relevant to this, Nelson
(1944) reports that higher temperatures accelerate anthesis. 
 
The interaction between photoperiod and other environmental factors was clear in the present study:
the dates of the onset of flowering for the separate hemp cultivars (Table 5) indicate for some of the
cultivars a wide variation in the absolute value of the critical day length above or below which the
response is suppressed. For example, cv. Uso 11 started to flower earliest on July 26 and latest on
August 25 and within this period of one month the daylength shortened by more than three hours. It
could be concluded from this  that the onset of flowering of cv. Uso 11 is possible early in the growing
season, even at an extremely long daylength of 19.36 h, but flowering can also occur much later in the
growing season, at a much shorter daylength of 16.10 h. In contrast to this, male plants of the dioecious
cv. Kompolti Hybrid TC exhibited the onset of flowering within one week over the three experimental
years. During this period of one week the daylength shortened  0.56 hours (12.29 h on 2 October;
11.73 h on 8 October). 
Borthwick and Scully (1954) reported that hemp flowers promptly if  the daily photoperiod is 14 hours
or less, but that flowering is incomplete or delayed considerably when the photoperiod exceeds 16
hours. From the present results it would seem that the critical daylength for the onset of flowering of
hemp cannot be determined as exactly as has been proposed earlier. The monoecious cultivars in
particular, but also some dioecious ones such as cv. Uniko B, are more responsive to other growth
factors than photoperiod in terms of the onset of flowering. 
The length of the photoperiod used in this study is based on Saarikko and Carter (1996) who examined
the phenological development of spring cereals assuming that the photoperiod starts and ends when the
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true centre of the sun is 5o below the horizon. According to Vince-Prue and Cockshull (1981),
however, the threshold intensity at which plants become sensitive to light at dawn and lose sensitivity
at dusk may vary between species and the determination of the effective biological photoperiod (or dark
period) under natural conditions is not straightforward therefore.  
4.3.10 Growing time of linseed  
Only one commercial Finnish linseed cultivar is available at present (cv. Helmi), but breeding work
continues aiming at developing cultivars with early maturity and high seed quality (Hyövelä and Vilkki
1998). The present study confirmed that Finnish linseed genotypes are superior for dual-purpose linseed
production. They are early maturing in comparison with the introduced cultivars. The domestic
genotypes also exhibited higher bast fibre content in the stem than did the non-domestic cultivars, and
the bast fibre yield of some Finnish breeding lines competed well with that of the highest yielding non-
domestic cultivars. 
The overall growing time, the period required from sowing to seed maturity expressed in number of
days, was 113 days (S.E.M. 7). In 1995, 1996 and 1997, the yearly means were 118 days (SD 4), 123
days (SD 7) and 99 days (SD 4), respectively. The difference in growing time among the genotypes was
significant (F11,66 = 34.08, P < 0.001). The difference in growing time between cv. Helmi and the other
Finnish genotypes was not significant, but the introduced cvs. Flanders, Gold Merchant, Laser and
Norlin required a significantly longer period from sowing to seed maturity than did cv. Helmi (Table 6).
The lowest limit of the 95% confidence interval revealed that the true growing time of cv. Linus may
be equal to that of  cv. Helmi. This is an interesting result in the search for new cultivars, though it
should be remembered that cv. Linus was included in the experiment only in 1997 when, owing to
higher monthly temperatures from June to August and lower precipitation in August relative to the
long-term monthly averages, all  linseed genotypes matured in less than 100 days (III). 
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  TABLE 6. The  effect of Linum  usitatissimum  genotype on the growing
   time (number of days  from  sowing to seed  maturity). Means (lsmeans),
   corresponding 95% confidence intervals for the differences in growing
   time, and statistical significance of the difference between cv. Helmi  and
  the other genotypes (P-values). 
______________________________________________
    Growing time
_______________________________
        Difference   Confidence      P-value
     Genotype         days           interval
    ______________________________________________
    Helmi 110 (mean)
    Bor 02     1 (-2, 4)   0.54
    Bor 13    -2 (-4, 0)     0.12
    Bor 15     1 (-2, 3)     0.55
    Bor 18     0 (-2, 2)     1.00
    Bor 20     0 (-2, 3)     0.91
    Flanders   10 (8, 13)           <0.001
    Gold Merchant   12 (10, 14)         <0.001
    Laser         5 (1, 8)    0.006
    Linus         4 (0, 7)     0.03
    Martta#     0 (-3, 2)     0.72
    Norlin     9 (7, 11)           <0.001
   ______________________________________________
    # flax, others are linseed genotypes
Early maturity is probably the most important requirement for linseed. Finnish cv. Helmi requires an
average growing time of  114 days. This is between the growing time requirement of spring turnip rape
(Brassica rapa L. v. oleifera subv. annua) and spring rape (Brassica napus L. v. oleifera subv. annua)
cultivated in Finland (Järvi et al. 1999). In a rainy or cold growing season, therefore, a late maturing
cultivar runs the risk of late and difficult seed threshing in the autumn and a need for artificial drying of
stems before storage. 
4.3.11 Climate as a decisive factor for fibre hemp and linseed cultivation?
In section 4.1 it was shown that stem and fibre yields of hemp are clearly lower in Finland than in other
European countries. Yields of linseed could not be compared because similar studies on linseed stem
yields are few in number and materials and methods have not been reported in sufficient detail. Several
reasons were nevertheless found for the low hemp yields: deficient soil type; too wet, too dry or too
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cold weather conditions during the growing season; and insufficient knowledge of cultivation
management techniques (I, II).
  
Hemp has been cultivated for at least 3000 years, all over the world (Laitinen 1996). Hemp cultivars
planted in the temperate zones can be classed as northern and southern cultivars, of which the latter
require high temperatures and a long vegetative period and consequently grow taller and yield more
fibre. In general, the hemp plant requires a mild, temperate climate, a humid atmosphere and an annual
rainfall of at least 700 mm (Berger 1969). Finland is situated in a cool temperate region (rain at all
seasons). The countries in continental Europe, from which the cultivars for this study were obtained
and whose stem yields were compared with Finnish ones are situated in a warm temperate  region (rain
at all seasons) (Philip's Great World Atlas 1991). The two regions differ in temperature, but average
annual precipitation in the two regions is similar, between 500 and 1000 mm (Philip's Great World
Atlas 1991). It seems, however, that the climate is not that different that it could be a major  reason for
the shorter plant stands and lower stem yield levels obtained for hemp in Finland. 
Flax is a crop for temperate regions, which requires abundant moisture and cool weather during the
growing season. However,  linseed, another cultivation form of the Linum usitatissimum studied here,
tolerates a much wider range of conditions (Berger 1969). Thus, even though stem yields of linseed for
Finland and other European countries could not be compared, we can presume that the modest growing
demands of linseed and the existence of domestic cultivar and breeding lines adapted to our conditions
already make stem and fibre yields of linseed in Finland competitive with those of  continental Europe.
 
  
Several Finnish studies have evaluated the effect of possible future climate change (warming, increasing
CO2) on spring wheat (Triticum aestivum L.) and meadow fescue (Festuca pratensis L.) (Carter and
Saarikko 1996, Hakala and Mela 1996). Carter and Saarikko (1996) concluded that in changed climate
conditions new spring wheat cultivars with more demanding temperature requirements and higher yield
capacity would be needed in Finland. According to Hakala and Mela (1996), on the other hand, new
cultivars of meadow fescue would not be required because the present cultivar would benefit from
climate change in the form of increased biomass yield. It is difficult to predict  if and how fibre hemp
and linseed would adapt to climate change, but probably cultivation  would continue since both plant
species are already widespread in diverse climate conditions. Warmer or longer  growing seasons would
mean that both plant species could be cultivated without risk further toward the North, and cultivation
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areas might then increase. It is well recognized, however, that pests and diseases will increase as well,
perhaps to the levels reported now in continental Europe. Because plant heights of hemp and linseed
significantly affect the stem yield level, stem and fibre yields can significantly increase from the levels
reported (I, II, III, IV). However, because plant height cannot be increased endlessly, it is unlikely that
stem and fibre yields could further increase in changed climate conditions. Just as for spring wheat,
however, new cultivars are probably needed for both hemp and linseed, in order to benefit better from
the changed conditions during the growing season.         
5. CONCLUSIONS
Results of the present study
Productivity of fibre hemp and linseed in Finland was studied in the years 1995-1997. Bast fibres are
considered to be the main product of fibre hemp, whereas they are by-product of linseed cultivation.
The present study revealed that both plant species can be cultivated to produce bast fibres in Finnish
growing conditions. However, some of the management practices need to be defined more closely. The
yields and quality characteristics of fibre hemp and linseed made evident in the results are collected in
Figure 11.    
Implications for future research
Challenges remain to be met in the crop management of both of the plant species studied, but especially
fibre hemp. For example, cultivation of  late maturing, introduced hemp cultivars with high biomass
moisture content in the autumn makes harvesting very difficult. Harvesting in the following spring is a
reasonable proposition, but this would require a change in the  EU regulations, which currently allow
hemp harvesting only in the autumn. If and when the regulations are changed, research should
particularly focus on fibre quality and its suitability for different technical applications. At the same
time,  fibre  hemp  is  reported  to  adapt  easily  to its  growing conditions  (Walker 1994), and there
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          FIBRE HEMP                          LINSEED
        Cannabis sativa L.                         Linum usitatissimum L.
          
             CONDITIONS AT HARVEST
September or October                    Harvest time            September or October
            62-68                      Biomass moisture content (%)                     35-60
Air drying in the field                    Stem  drying                 In good weather conditions,
is not possible, artificial       air drying in the field is
drying or harvest in the       possible until October
 following spring is needed
                           STEM YIELD
              5961                             (kg dry  matter ha-1)                           1820
                  BAST FIBRE CONTENT
      Total     Primary        (%)                            Total
      21.9          89.0                            16.2
                                                  BAST FIBRE YIELD
      Total     Primary                   (kg dry matter ha-1)                            Total
      1306        1157                            324
                  BREAKING  TENACITY
                                              OF THE FIBRES (cN/tex)
            41-74                     Autumn harvested fibres                         41-67
            15-42                     Spring harvested fibres
                ELONGATION AT BREAK
                                                 OF THE FIBRES (%)
            3.5-5.5                    Autumn harvested fibres                         3.5-6.8
            2.0-3.8                    Spring harvested fibres
FROM SOWING TO THE                                         FROM SOWING TO
ONSET OF FLOWERING             SEED MATURITY
          93 days                                                          113 days
        CULTIVAR RECOMMENDATION
Cvs. Uso 11, Uso 31,                Breeding line Bor 18
Beniko and Bialobrzeskie
FIGURE 11. Summary of the main results on yield and quality characteristics for fibre hemp and linseed. Values
are  overall means  except  for  the  mechanical  fibre  properties,  for  which the  ranges of the medians are given.
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may well be potential for a breeder to develop a fibre hemp cultivar suitable for autumn harvest in
Finnish conditions.
Stem and bast fibre yields of hemp were low in comparison with those reported in countries like
Germany, the Netherlands and the UK. The prerequisites  for high hemp stem yields in Finland
nevertheless exist (Isolahti and Sankari 1999), and high yields could be realized with more detailed
studies on the effects of photoperiod and other environmental factors on yield formation.   
Before linseed can be cultivated for dual-purpose use, new experiments will be required on agronomy
of the crop: for example, the effect of fertilizers and seeding rates on seed and stem yield should be
examined with the aim of simultaneously achieving high seed and stem (bast fibre) yields. 
The essential requirement for successful and increased production of fibre hemp and dual-purpose
linseed is the willingness of industry to use domestic plant fibres in technical applications. On the part
of the farmer, this means that the fibre quality demands for different applications should be met as well
as possible. Bast fibre quality of fibre hemp and linseed was evaluated in this study by measuring two
mechanical fibre properties: fibre strength and fibre elasticity. The results revealed that differences in
fibre homogeneity exist even within individual genotypes. These should be studied more closely in the
future, preferably with standardized methods for natural fibres. Because such methods were not
available at the time of this study, and still are not, standardized methods for analysing the quality of
textile fibres were applied instead. Furthermore, the material that was analysed was limited, and caution
is required in comparing the results obtained in this study with those of studies applying different
methods. Development of a set of standard methods to evaluate the quality of plant fibres used in
technical applications should be a priority. Use of such standard measurements would enable
international comparisons, and the examination of various hypotheses, including the hypothesised
benefit of producing high quality "arctic fibre" in Finnish growing conditions. In addition to studies on
fibre hemp quality, the importance of the ratio of primary fibre to secondary fibre for new technical
applications should be examined.
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